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oil nozzle 152 is used in the embodiment of FIG. 7. 
Reference is hereby made to parent application No. 08/092, 
008, filed Jul. 15, 1993, which, as noted above, is incorpo- 
rated by reference herein, for a complete description of oil 
nozzle 152. 

A * g hg * Yn in F1C 7, Thr frm ii' T I'VifffTMy ? m 
nose portion or nose piece 90 provided with acemfal 
discharge orifice or annular opening 92. An^eft^ctelivery 
assembly 152 is shown centrally moumed^wkhin the oxy- 
gen-supply housing 16 by meanspPa spider or centering 
ring 154. The fuel-delivery^assembly 152 is shown to 
include an inlet body ppiuon 155, a central body portion 
156, and a bumcrjip^portion 158. A central fuel-oil pas- 
sageway 160 > Joffncd in a channel member 162, is provided 
with anjnfetconnector for receiving a suitable supply of fuel 
AUorToToil. - ' "^ = a0 

The burner tip portion 158 forms a chamber 164 between 
a forward channel portion of the channel member 162 and 
the inner circumferential wall portion of the burner tip 
portion 158. An atomizing member 166 is secured to an 
outlet end of the forward channel portion and projects within 
the central fuel-oil passageway 160. The forward end of the 
burner tip portion 158 terminates at its outer end in a burner 
tip opening. 

An atomizing fluid passage 168 extends through the inlet 
body portion 155 and central body portion 156 of the fuel 
assembly 152 exteriorly of channel member 162, and com- 
municates at its outlet end with the chamber 164 formed 
between the burner tip portion 158 and the channel member 
162. The atomizing fluid passage 168 is provided at its inlet 
end with a connector for receiving a suitable supply of 
atomizing fluid such as oxygen from atomizing fluid supply 
169 coupled to atomizing fluid passage 168 by conduit 171. 
The centering ring or spider 154 is provided with a plurality 
of openings or ports for the flow of oxygen outwardly^along^^^ 
the outer surface of burner tip portion 158. 

An oxygen inlet 60 communicates with the oxygen- 
supply housing 16 which surrounds the central body portion 
156 and the burner tip portion 158 of the fuel-delivery 
assembly 152. A first portion 37 of the oxygen supplied to 
the housing 16 exits first aperture 66 formed in base wall 52 
through the plurality of oxygen ports or openings formed in 
the spider or centering ring 154, so as to provide an oxygen 
envelope about the atomized oil discharged from the outlet 
end of the fuel assembly 152. A remaining portion 39 of the 
oxygen supplied to the housing 16 is diverted to flow 
through second apertures 68 formed in base wall 52 along a 
different path to reach flame 44 in the manner described 
above. Such diversion of combustion oxygen flow is an 
important feature of the staged oxygen-fuel burner assembly 
and contributes to the lowered nitrogen oxide emissions 
achieved by the burner assembly 210. 

Although the invention has been described in detail with 
reference to certain preferred embodiments, variations and 
modifications exist within the scope and spirit of the inven- 
tion as described and defined in the following claims. 

I claim: 

1. A burner assembly for combining oxygen and fuel to 
proa*tiee^aflame, the burner assembly comprising 

a burner blc^cjormed to include a flame chamber having 

an inlet orxnrng^and an cutlet opening, 
bypass means for conductingoxygen outside of the flame 

chamber to the outlet orjernrrg-of the flame chamber, 
an oxygen-supply housing incIudingcTrantbcr means for 

receiving a supply of oxygen and a bascwaU^adjaccnt 

to the burner block, the base wall being form&Mo 



include first aperture means for discharging oxygen 
/j\ frorni Lhe chamber means into the flame chamber and 
sccond^apcriurc means for discharging oxygen from the 
chambcrxneans into the bypass means, and 
means for discharging fuel into the flame chamber formed 
in the burner btbcjc, the discharging means including a 
nozzle extending tHreueh the chamber means and the 
first aperture means fonflecHn the base wall to dis- 
charge fuel into lhe flame chamtjer. 
The burner assembly of claim 1, wherein the oxygen- 
supdly housing includes a hollow shell appended to the base 
wall \o define the chamber means therebetween. 

3. The burner assembly of claim l f wherein the burner 
block is formed to include al least one oxygen-admission 
port lyfhg adjacent to the base wall and communicating with 
the second aperture means and the bypass means is coupled 
to the oxWen-admission port and arranged to pass through 
the burneit block to conduct oxygen from the chamber means 
through tmj burner block to the outlet opening of the flame 
chamber. 

4. The buVner assembly of claim 3, wherein the oxygen- 
supply housihg further includes a frame located between the 
base wall ana the burner block and coupled to the burner 
block and fastening means for connecting the base wall to 
the frame and yie frame is formed to include at least one 
oxygcn-conducimg channel interconnecting the second 
aperture means and the bypass means in fluid communica- 
tion. 

5. The burner assembly of claim 4, wherein the second 
aperture means inefbdes a plurality of wall apertures formed 
in the base wall andihe burner block is formed to include an 
oxygen -admission port communicating with each wall aper- 
ture through one of tne oxygen-conducting channels. 

6. The burner assembly of claim 3, wherein the second 
aperture means includes a plurality of wall apertures formed 
in the base wall and the burner block is formed to include an 
oxygen-admission port communicating with each wall aper- 
ture. 

7. The burner assembly of claim 6, further comprising 
frame means for supporting the burner block, the base wall 
being mounted on the frame means, and the frame means 
being formed to include oxygen-conducting channels inter- 
connecting the wall aperturesVformed in the base wall and 
the oxygen-admission ports formed in the burner block. 

8. The burner assembly of claim 1, wherein the nozzle is 
one of a gas-fuel nozzle and an\oil-fucl nozzle. 

9. The burner assembly of claim 1, wherein the chamber 
means formed in the oxygen-supply housing contains only 
the nozzle. 

10. The burner assembly of claim 1, wherein only the 
nozzle passes through the first aperufrc means formed in the 
base wall. 

11. The burner assembly of claim 1, Wherein the base wall 
is rectangular, the first aperture means mcludes a first- stage 
aperture formed in a center portion, of the rectangular base 
wall, and the second aperture means includes a second-stage 
aperture formed in each of four comer potions of the base 
wall and coupled to the bypass means. 

12. The burner assembly of claim 1, wherein the discharg- 
ing means further includes a removable collak engaging the 
nozzle and thrcadcdly engaging the oxygen-supply housing. 

icburncr assembly of claim 12, wherein the oxygen- 
supply houSn^mckKlci^amiular lip defining a cylindrical 
nozzle aperture receivingDic^BozzJeand the removable 
collar includes an annular side wall surrouTrdk^and engag- 
ing the annular lip. 

14. The burner assembly of claim 1, wherein the first 
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aperture means includes a first-stage aperture formed in the 
base wall, the second aperture means includes at least one 
second-stage apcrtWc formed in the base waJl and arranged 
to lie in spaced-apan relation to the first-stage aperture, the 
bypass means includes at least one oxygen-conducting pas- 
sageway formed in trA burner block and arranged to receive 
oxygen conducted through a corresponding second-stage 
aperture, and the internal diameter of each second-stage 
aperture formed in the Base wall is less than the internal 
diameter of a corresponding oxygen-conducting passageway 
formed in the burner block to regulate flow of oxygen 
through the oxygen-conducting passageways formed in the 
burner block. 

15. The burner assembly of cJaim 14, where the base wall 
is rectangular, the first-stage aperture is formed in a center 
portion of the rectangular bascXwall, and a second- stage 
aperture is formed in each of fo\jf comer portions of the 
rectangular base wall. 

IS. A burner assembly for combining oxygen and fuel to 
produce a flame, the burner assembly comprising 

a burner block formed to include a flame chamber having 

an inlet opening and an outlet opening, 
bypass means for conducting oxygen outside of the flame 

chamber\o the outlet opening of the flame chamber, 
means for discharging fuel into the flame chamber formed 

in the bumcr^block, and 
an oxygen-supplyiwusing including chamber means for 
receiving a supplyyof oxygen and a base wall adjacent 
to the burner blocKv the base wall being formed to 
include first apertureNmeans for discharging oxygen 
from the chamber mean\into the flame chamber and 
second aperture means for cHscharging oxygen from the 
chamber means into the bytass means, the oxygen- 
supply housing including a hoTkrw shell appended to 
the base wall to define the chamber means therebe- 
tween, wherein the hollow shell has\a pyramidal shape 
and includes at least one triangular sick; wall appended 
to the base wall and formed to incluaa an oxygen- 
admission port. 

17. toe burner assembly of claim 16, wherein the cham- 
ber meabs formed in the oxygen-supply housing contains 
only the nozzle. 

18. The cmrner assembly of claim 16, wherein only the 
nozzle passesN^hrough the first aperture means formed in the 
base wall. 

19. The bumeV assembly of claim 16, wherein the hollow 
shell includes a ub and four triangular side walls diverging 
from the tip towaroVthe base wall. 

20. The burner assembly of claim 16, wherein the base 
wall is rectangular, &e first aperture means includes a 
first-stage aperture formed in a center portion of the rect- 
angular base wall, and thV second aperture means includes 
a second-stage aperture fWied in each of four comer 
portions of the base wall anaycoupled to the bypass means. 

2lsA burner assembly for ccmibining oxygen and fuel to 
producesK^ame, the burner assembly comprising 
V a burner blbeJcforTned to include a flame chamber having 
\fc an inlet operftng and an outlet opening, 
- VjkyP 355 means for cohejucung oxygen outside of the flame 
C^-v chamber to the outlcboocning of the flame chamber, 
means for discharging fuel mvojhe flame chamber formed 
^ in the burner block, and 

an oxygen-supply housing includin^chambcr means for 
receiving a supply of oxygen and a base wall adjacent 
to the burner block, the base wall beirrg^ormed to 
include first aperture means for discharginVoxygen 
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the chamber means into the flame chamber and 
JjK\ ) seeded. aperture means for discharging oxygen from the 
chambcrmcans into the bypass means, the oxygen- 
supply housing including a hollow shell appended to 
the base waU^io define the chamber means therebe- 
tween, whereinNJie hollow shell includes a dp and a 
side wall cxtendinVtetwcen the tip and the base wall, 
the tip is formed toNnclude an aperture, and the 
discharging means include>Mozzle extending through 
the aperture formed in the Uj^and the first aperture 
means formed in the base wall anbUerminaling in the 
inlet opening of the flame chamber. X 
The burner of claim 21, wherein the nozzle includes 
a fubl-dischargc head, a mounting fixture, and means for 
metering oxygen flow, and the tip of the hollow shell is 
formed to include means for supporting the mounting fixture 
to position the fuel-discharge head in the inlet opening and 
the metering means at an interface between the first aperture 
means andthe inlet opening to regulate oxygen flowing into 
the inlet obening and mixing with fuel discharged by the 
fuel -discharge head. 

23. The buWr assembly of claim 21, wherein the second 
aperture mearite includes a plurality of apertures formed in 
the base wall and each aperture is arranged to lie in radially 
spaccd-apart relation to a portion of the nozzle extending 
through the first aperture means. 

24. The burner assembly orclaim 21, wherein the oxygen- 
supply housing furtAcr includes modular fastening means for 
selectively connecting the base wall to the burner block so 
that the oxygen-supplV housing and the nozzle are joined 
together to form a modular unit containing the first and 
second aperture means \hat is removable from the burner 
block at the option of a 

25. The burner asscmblY orclaim 21, wherein the cham- 
ber means formed in the toy gen- supply housing contains 
only the nozzle. v 

26. The burner assembly oV claim 25, wherein the frame 
is formed to include one oxVgen-conducting channel for 
each of the apertures formed in\thc base wall and included 
in the second aperture means. 

27. The burner assembly of cftaim 21, wherein the base 
wall is rectangular, the first apcVturc means includes a 
first-stage aperture formed in a center portion of the rect- 
angular base wall, and the second afterture means includes 
a second-stage aperture formed inWh of four comer 
portions of the base wall and coupled to the bypass means. 

28. The burner assembly of claim 21, Wrcin discharging 
means further includes a removable coIiaV engaging the tip 
of the hollow shell and the nozzle to retaK} the nozzle in a 
fixed position in the chamber means. 

Z5^A burner assembly for combining oxy\en and fuel to 
producXa flame, the burner assembly comprising 

a bume>ok>ck formed to include a flame chamber having 
an inlet opening and an outlet opening, 

bypass means ferconducling oxygen outside of the flame 
chamber to the^buUet opening of the flame chamber, 

means for discharging!^ into the flame chamber formed 
in the burner block, aruk 

an oxygen-supply housing including chamber means for 
receiving a supply of oxygen and a base wall adjacent 
to the burner block, the base wall being formed to 
include first aperture means for discharging oxygen 
from the chamber means into the flamcSchambcr and 
second aperture means for discharging oxyfbn from the 
chamber means into the bypass means, the^xygen- 
supply housing further including a hollowShcll 
appended to the base wall to define the chamber meahs 
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e between and modular fastening means for sclcc- 
tivefysconnecting the base wall to the burner block to 
posiuorHJic first aperture means in confronting relation 
to the inleVooening of the flame chamber so that the 
oxygcn-supply^ljousing can be disconnected from the 
burner block durirtgsrehabilitalion of the burner assem- 
bly, the modular fast&nmg means including a frame 
positioned to lie belweenthebase wall and the burner 
block, means for coupling the^frame to the burner 
block, and fasteners iniercormectxrrg^he base wall and 
the frame. 

JO. The burner assembly of claim 29, wherein the frame 
is formed to include at least one oxygen-conducting channel 
interconnecting the second aperture means formed in the 
base wall and the bypass means. 

31. The burner assembly of claim 29, wherein the base 
wall isXrectangular, the first aperture means includes a 
first-stage aperture formed in a center portion of the rect- 
angular base wall, the second aperture means includes a 
second-stage aperture formed in each of four comer portions 
of the bascAwall and coupled to the bypass means, and the 
frame is formed to include one oxygen-conducting channel 
for each of tne first-stage and second-stage apertures. 

32. The burner assembly of claim 29, wherein the second 
aperture meansVncludcs a plurality of apertures formed in 
the base wall, tfac bypass means includes a plurality of 
passageways formed in the burner block, and the frame is 
formed to include at least one oxygen-conducting channel 
interconnecting one\of the plurality of apertures and the 
plurality of passageways in fluid communication. 

33. The burner asse\nbly of claim 29, wherein the second 
aperture means includes at least one second-stage aperture 
formed in the base wau, al least one oxygen-conducting 
channel formed in the frame and arranged to receive oxygen 
conducted through a corresponding second-stage aperture, 
the bypass means includes\at least one oxygen-conducting 
passageway formed in theXburner block and arranged to 
receive oxygen conducted through a corresponding second- 
stage aperture and oxygen-qpnducting channel, and the 
internal diameter of each second-stage aperture formed in 
the base wall is less than the in\emal diameter of both of a 
corresponding oxygen-conducting channel formed in the 
frame and a corresponding oxygen-conducting passageway 
formed in the burner block to regulate flow of oxygen 
through the oxygen-conducting passageways formed in the 
burner block. \ 

34. The burner assembly of claim 29, wherein the burner 
block is formed to include £ plurality of oxygen-conducling 
passageways defining the bypass meVns and an annular 
channel surrounding the inlet opening ok the flame chamber 
and interconnecting each of the oxygen-conducting passage- 
ways, the frame includes means for covering the annular 
channel to define a circular oxygen-conducling passageway 
between the frame and the burner block and at least one 
oxygen -conducting channel interconnecting the second 
aperture means formed in the base wall arid the circular 
oxygen -conducting passageway. \ 

35. The burner assembly of claim 34, whereimthe oxygen- 
conducting passageways formed in the burner block have an 
arcuate shape and terminate in annular openings\formed in 
the burner block and arranged to lie around me outlet 
opening of the flame chamber formed in the burner block. 

36^Aburncr assembly for combining oxygen andVucl to 
pprcKJuccMUuTic, the burner assembly comprising \ 
N\J a burner blrckTormccL^oincludc a flame chamber having 
JPO" an inlet opening and^rT^otule^opcning, 

bypass means for conducting oxygen^msidcof the flame 
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chamber to the ouUct opening of the flame chamber, 
mckns for discharging fuel into the flame chamber formed 
in the burner block. 

an oxvgen-supply housing including chamber means for 
receiving a supply of oxygen and a base wall adjacent 
to tnc burner block, the base wall being formed to 
incluoc first aperture means for discharging oxygen 
from ihc chamber means into the flame chamber and 
second aperture means for discharging oxygen from the 
chamber means into the bypass means, the burner block 
being formed to include at least one oxygen-admission 
port lyinfi adjacent to the base wall and communicating 
with the Second aperture means and the bypass means 
being coupled to the oxygen-admission port and 
arranged to pass through the burner block to conduct 
oxygen from the chamber means through the burner 
block to th& outlet opening of the flame chamber, the 
second aperture means including a plurality of wall 
apertures formed in the base wall, the burner block 
being formcduo include an oxygen-admission port 
communicating\ with each wall aperture, and frame 
means for supporting the burner block, the base wall 
being mounted orWhc frame means, the burner block 
being formed to include an annular channel around the 
inlet opening of lhe\ flame chamber, the frame means 
including means foAcovcring the annular channel to 
define an annular oxygen-conducting passageway 
therein and means for communicating oxygen dis- 
charged from the chamber means through the wall 
apertures to the annulai oxygen-conducting passage- 
way for delivery to thc\ outlet opening of the flame 
chamber through the bypass means. 

37. A burner assembly for combining oxygen and fuel to 
produce a flame, the burner assembly comprising 

a burner block formed to induce a flame chamber having 
an inlet opening and an outlbt opening, 

bypass means for conducting oxygen outside of the flame 
chamber to the outlet opcningU)f the flame chamber, 

means for discharging fuel into thcV flame chamber formed 
in the burner block, and \ 

an oxygen-supply housing including chamber means for 
receiving a supply of oxygen and\ base wall adjacent 
to the burner block, the base wall being formed to 
include first aperture means for discharging oxygen 
from the chamber means into the flkme chamber and 
second aperture means for discharging oxygen from the 
chamber means into the bypass means\ the discharging 
means including a fuel discharge nozzle and means for 
fixing the fuel discharge nozzle in the inlet opening, the 
fixing means being positioned to lie between the base 
wall and the burner block, the fixing means being 
formed to include third aperture means fo\ conducting 
oxygen discharged through the first aperturAmeans into 
the flame chamber, the third aperture means\defining a 
first-stage oxygen port having a first effective cross- 
sectional area and communicating oxygen yrom the 
chamber means into the flame chamber, the second 
aperture means defining a second-stage oxygen port 
having a second effective cross-sectional area less than 
the first effective cross-sectional area and communicat- 
ing oxygen from the chamber means to the outlet 
opening of the flame chamber through the byna«fi 
means. % \ 

38. The burner assembly of tlaim 37, wherein the third 
aperture means includes a flallge appended to the fuel 
discharge nozzle and formed to ibclude the first-stage oxy- 


gen port and the second t 
of apertures formed in the. 
second- stage oxygen port| 

39. The burner assembl, 
is ring-shaped and is fo 
apertures lying around the 
ing the first-stage oxygen 
formed in the base wall lies 
to the fuel -discharge nozzL 

40. A burner assembly fo. 
produce a flame, the burner 

a burner block formed to i 
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means includes a plurality 
>ase wall collectively to define the 

of claim 38, wherein the flange 
ned to include a plurality of 
i el -discharge nozzle and defin- 
ort and each of the apertures 
in radially spaced-apart relation 


J combining oxygen and fuel to 
" scmbly comprising 

Delude a flame chamber having 
an inlet opening and an outlet opening, 

a nozzle including means for discharging fuel into the 

flame chamber formed i j the burner block, 
means for fixing the nozzli adjacent to the burner block 
to position the dischargi ig means at the inlet opening 
of the flame chamber s j that a primary combustion 
zone is established in thjc flame chamber between the 
mlct and outlet openings, 
means for supplying oxygeL to the flame chamber through 
the inlet opening so thit the oxygen supplied by the 
supplying means mixes fcvith the fuel discharged by the 
nozzle in a first-stage rdgion inside the flame chamber 
to produce a combustible mixture that can be ignited in 
the primary combustion zone to define a flame having 
a root portion in the fiaW chamber and a Up portion 
outside the flame chamber, 
first-stage metering means for metering the flow rate of 
oxygen from the supplying means into the flame cham- 
ber through the inlet opening, the first-stage metering 
means being appended td the nozzle, 
bypass means for dclivcrini oxygen from the supplying 
means into a downsirearnkccond-stage region contain- 
ing a portion of the flame and lying outside the flame 
chamber to supplement olygen supplied to the first- 
stage region inside the flarne chamber by the supplying 
means, and I 

second-stage metering means |or metering the flow rate of 
oxygen from the supplying means into the bypass 
means so that the downst earn second-stage region 
outside the flame chamber thVough the bypass means is 
fixed in proportion to the fl< w rate of oxygen passing 
through the first-stage meter ng means. 

41. The burner assembly of claim 40, wherein fixing 
means includes a ring-shaped flan* e positioned to lie around 
the nozzle and formed to include at least one oxygen-flow 
aperture defining the first-stage mstering means 

42. The burner assembly of claU 41, wherein the sup- 
plying means includes an oxygen-! upply housing including 
chamber means for receiving a sup ,ly of oxygen and a base 
wall adjacent to the burner blocl and the fixing means 
further includes a support fixture coupled to the base wall 
and the ring-shaped flange. 

43. The burner assembly of claim 42 wherein the support 
fixture includes a mounting flange fixed between the base 
wall and the burner block and a ilose portion formed to 
include a central aperture and the| ring-shaped flange is 
positioned to lie in the central apcrtuic and is coupled to the 
nose portion to support the nozzle in Aic inlet opening of the 
flame chamber. \ 6 

44. The burner assembly of claim W wherein the sup- 
plying means includes an oxygcn-supAly housing including 
chamber means for receiving a supply hr oxygen and a base 
wall adjacent to the burner block, the fiking means includes 
a support fixture having a mounting flanfee fixed between the 
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base wall and the burner block and a nose portion, the nose 
portion being formed lo include a central opening receiving 
the nozzle, and the first-stage metering means includes a 
partition positioned tollie between the nozzle and the nose 
portion and formed lofncludc the at least one oxygen-flow 
aperture. 

45. The burner assembly of claim 44, wherein the parti- 
lion is a ring-shaped flange surrounding the nozzle. 

46. The burner assembly of claim 44, wherein the parti- 
tion is positioned to lie jn the central aperture of the nose 
portion. 

47. The burner assembly of claim 40, wherein the sup- 
plying means includes anloxygen-supply housing including 
chamber means for receiving a supply of oxygen and a base 
wall adjacent to the burner block and the second-stage 
metering means includes at least one aperture formed in the 
base wall and arranged to interconnect to chamber means 
and the bypass means in f uid communication. 

48. The burner assembly of claim 47, wherein the oxygen- 
supply housing includes a 1 ollow shell appended to the base 
wall lo define the chamber means therebetween. 

49. The burner assembly of claim 48, wherein the base 
wall is formed to include first aperture means for discharging 
oxygen from the chamber neans to the first-stage metering 
means, the hollow shell ncludcs a tip and a side wall 
extending between the lip a id the base wall, the tip is formed 
lo include an aperture, ths nozzle is mounted lo extend 
through the aperture forme i in the tip and the first aperture 
means formed in the base w all and to terminate in the outlet 
opening of the flame chamber, and the first-stage metering 
means includes a flow-metering ring appended to the nozzle 
and formed to include at least one oxygen-flow aperture. 

50. The burner assembly of claim 40, wherein the nozzle 
includes a fuel -discharge head and a mounting fixture, the 
first- stage metering means isl appended to the fuel-discharge 
head, the supplying means infcludes an oxygen-supply hous- 
ing and the fixing means includes first support means for 
supporting the mounting fixture to position the fuel-dis- 
charge head in the inlet opening and second support means 
for supporting the first-stage metering means in a location 
between the oxygen-supply housing and the inlet opening. 

51. The burner assembly of claim 50, wherein the sup- 
plying means includes an oxygen-supply housing including 
a hollow shell formed to include an aperture receiving the 
mounting fixture of the nozzle land ihc first support means 
includes a collar engaging ihc\ hollow shell to retain the 
mounting fixture in the apertur 

52. The burner assembly of claim 50, wherein the second 
support means includes a mounting flange fixed between the 
base wall and the burner block and a nose portion formed to 
include a central aperture receiving the fuel-discharge head. 

53. The burner assembly of claim 50, wherein the first- 
stage metering means includes la ring positioned to lie 
around the fuel -discharge head anq formed to include at least 
one oxygen-flow aperture. 
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produce a flame, the burner asserribly 
a burner block formed to include 
an inlet opening and an outle t 
bypass means for conducting 
chamber lo the ouUM opei 
an oxygen-supply htiusj 

receiving a surjp^rM/Jxygcr 

frame mcajw^for coupling the c xygen-supply housing to 

the htffner block, 
a fuel nozzle module having a nozzle body and a dis- 


composing 

a flame charpfegr having 
opening 

ulside of the flame 
of the flame chamber, 
ncl tiding chamber means for 
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means for supporting the nozzle body of the fuel nozzle 
module in the chamber means to aim the discharge^ p 
of the fuel nozzle module into the inlet opening df the 
flame chamber. / 

55. The burner assembly of claim 54, wherein the orygen- 
supply housing includes a hollow shell forming a^boundary 
of the chamber means and the supporting means^mcludes an 
aperture formed in the hollow shell and configured to 
receive the nozzle body therein and means for retaining the 
nozzle body in the aperture formed in the Hollow shell so 
thai the nozzle body is mounted inside the oiambcr means. 

56. The burner assembly of claim 55, wherein the sup- 
porting means further includes means foAholding the dis- 
charge lip in a fixed position in the inlet opening of the flame 
chamber. / 

57. The burner assembly of claim 51, wherein the oxygen- 
supply housing includes a base wall coupled to the hollow 
shell to define the chamber means therebetween and the 
holding means is coupled to the base wall. 

58. The burner assembly of claim 54, wherein the fuel 
nozzle module includes means for conducting fuel through 
the nozzle body and discharging fuel/at the discharge lip. 

59. The burner assembly of claim 54, wherein the fuel 
nozzle module includes means for conducting separate 
streams of fuel and oxygen through the nozzle body and 
discharging an oxygen and fuel Anixlure using fuel and 
oxygen from the separate streams/ at the discharge tip. 

60. A burner assembly comprising 

a burner block formed to mclufac a flame chamber having 
an inlet opening and /ShAj idle t opening, and 

an oxygen-supply housing Including a base wall and a 
hollow shell appended to/ the base wall to define an 
oxygen-supply chamber for receiving a supply of oxy- 
gen, the base wall be^ng tanned to include an oxygen- 
discharge aperture, thcXba^e wall being fixed to lie 
adjacent to the burner block to place the oxygen - 
discharge aperture in trie base wall in fluid communi- 
cation with the inlet /opening in the burner block to 
allow oxygen to pass/from the oxygen-supply chamber 
to the flame chamber through the oxygen-discharge 
aperture, the hollow shell having a pyramidal shape and 
a plurality of triangular side walls. 

61. The burner assembly of claim 60, wherein each 
triangular side wall t/as a wide base end and a narrow tip 
end, and the narrov/ lip ends of the triangular side walls 
cooperate to define/a nozzle-receiving aperture, and further 
comprising a fuel^Qischarge nozzle mounted in the nozzle- 
receiving aperture and arranged to discharge fuel into the 
flame chamber through the inlet opening in the burner block. 

62. The burner assembly of claim 61, wherein the fucl- 
discharge nozzle is positioned to extend through the oxygen- 
discharge aperture formed in the base wall. 

63. The burner assembly of claim 61, wherein the wide 
base of each triangular side wall is appended to the base 
wall. / 

64. The/burner assembly of claim 61, further comprising 
a removable collar engaging the fuel -discharge nozzle and 
threadeply engaging a threaded rim appended to the narrow 
tip enps of the triangular side walls. 

65rThe burner assembly of claim 60, further comprising 
a connector coupled to the oxygen- supply housing and the 
burner block to mount the oxygen-supply housing on the 
mi'inci Uluck.v 


66. The burhcr assembly of claim 65, wherein the con- 
nector includes>a frame positioned to lie between the base 
wall and the burner block and formed to include an oxygen- 
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conductor passageway yntcrconnccting the oxygen-dis- 
charge aperture formed inYhe base wall and the inlet opening 
formed in the burner block. 

67. The burner assembly of claim 66, wherein the base 
wall is formed to include another oxygen-discharge aperture 
communicating with the oxygen-supply chamber, the burner 
block is formed to include art oxygen-conducting passage- 
way having an outlet in the frame chamber and an inlet, and 
the frame is formed to include a bypass passageway inter- 


\ 20 

connecting said another oxygen-discharge aperture formed 
in the base wall and said oxygen-conducting passageway 
formed in the burner blbck. 

68. The burner assembly of claim 66, wherein the con- 
nector further includes aAleast one fastener coupled to the 
base wall and frame. \ 
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. 69. A burner assembly fti r - 

combining oxygen and fuel to produce 
a flame, the burner assembly 
comprising 

a burner block formed to 
include a flame chamber haying an 
inlet opening and an outlet opening. 

an oxygen conductor conduit 
configured to conduct oxygen along a 
route outside of the flamerehamber to 
the outlet opening of/ the flame 
chamber. 

an oxygen-surfplv housing 
defining an oxygen chamber 
configured to receive a supply of 
oxygen and a base \Mall positioned to 
lie adjacent to the burner block, the 
base wall being formed to include a 
first-stage aperture positioned to lie in 
alignment with the inlet opening and to 


pass oxygen from \ 
into the flam£~ 


le oxygen chamber 
iber and a second- 


stage aperiurei 


lged to lie in 


spaced-apart Relation to the first- stage 
aperture to \^s /oxygen from the 


oxygen cha 


into the oxygen 


conductor conduit, the internal 


diameter of tl 
being less tha 
the oxyger 


second-stage aperture 
the internal diameter of 
conductor conduit to 


regulate the 
oxygen cha 
conductor i 


a 


flow of oxygen from the 
iber through the oxygen 
mduit. and 

fuel-discharge nozzle 


positioned to lie adjacent to the inlet 
opening and configured to discharge 
fuel into jthe flame chamber formed in 
the burnjer block. 

The burner assembly of 
claim 49. wherein the base wall is 
formea to include a plurality of 
secona-stage apertures and the burner 
blockfls formed to include at least one 
inlet opening lying adjacent to the base 
and communicating with each 
second-stage aperture. 


7 1 . The burner assembly of 
70. wherein the oxygen 
inductor f f nndnit- mcludes - '» p lnr fl lity 


^f-^oxw^. n-condurtifle passageways^ 
formed in the burner block and rach 
oxygen-conducting passageway 
corresponds to and communicates with 
one of the second-stage apertures 
formed in the base wall. f 

72. The burner assembly of 
claim 71. further comprising a frame 
su pporting the burner/ block and 
wherein the base wall is mounted on 
the frame, the oxygen conductor 
conduit further includes oxygen- 
conducting channels/ formed in the 
frame, and the oxygen-conducting 


channels interconne 
apertures formed ft 


the second-stage 
the base wait and 


the inlet openings formed in the 
burner block. 

73 . TWie burner assembly of 
claim 70. wherein the base wall is 


rectangular, thj 
formed it 


first-stage aperture is 
snter portion of the 


rectangular bareVall and one second- 


sta ge ape 


each of four corner 


portions of 


>ase wall. 


74. /A The burner assembly of 
claim 69. mrther comprising a frame 
coupled to the burner block and 
positionedAo lie adjacent the base wall 
and a fastener configured to connect 
the base wall to the frame and wherein 
the oxygen conductor conduit includes 
an oxygen-conducting channel formed 
in the frame and arranged to 
interconnect the second-stage aperture 


and 


the oxvgen-conducting 


passageway. 


clain 


75 . The burner assembly of 
69. wherein the fuel-discharge 


nozz e passes through the first-stage 


aperture formed in the base wall. 

/ 76. The burner assembly of 
claim 69. wherein the oxygen-supp ly 
hoi/sing includes a hollow shell 
a ppended to the base wall to define the 
ox ygen chamber therebetween. 

J 77. The burner assembly of 
claim 76 T wherein the hollow shell has 

pyramidal shape ^ "rf jnp1n,t tes.at leas} 


y j I 


'prm trinn ^ i1ar wull appended It) 
the base wall and formed to included 
oxygen-admission port. / 

78. The burner of claim 76, 
wherein the hollow shell includes a tip 
and a side wall extending between the 

tip is formed 


tip and the base wall, the 
to include an aperture. 


id the fuel- 


discharge nozzle extends through the 
aperture formed in the tip and the first- 
stage aperture formed/in the base wall 
and terminates in the inlet opening of 
the flame chamber. 

79. Theiburner of claim 78, 
wherein the fuef-discharge nozzle 
includes a fuel-discharge head 
positioned to lie in the inlet opening, a 
mounting fixture/ and a flow-metering 
device positioned to lie at an interface 
between the ficst-stage aperture and 



the inlet open 

ing to regulate oxvgen 


flowing imo 

lhe_Jnlet opening and 


mixing with 

uel discharged bv the 


fuel-dischargte 

head. 


80. "> 

vTne burner assembly of 


Wl 


in the base wall is 


formed to /include a plurality of 
second-stage apertures and each 
second-stage aperture is arranged to 
lie in radially spaced-apart relation to a 
portion of /the fuel-discharge nozzle 
extending / through the first-stage 
aperture. 

8 V The burner assembly of 
claim 79/ wherein the oxygen-supp ly 
housing /further includes a fastener 
configured to selectively connect the 
base A*4ll to the burner block so that 
the oxygen-supply housing and the 
fuel-d/scharge nozzle are joined 
together to form a modular unit 
containing the first-stage aperture and 
the /second-stage aperture that is 
removable from the burner block at the 
option of a user. 

82. The burner of claim 76, 
fufther comprising a frame selectively 
coupled to the burner block and 
{tinned to lie adjacent to theJjase 


^iV^II ^n d_ a fastener xoafit 
selectively connect the base wall to^ne 
frame to position the first-ftage 
aperture in confronting relation/to the 
inlet opening of the flame chamber so 
that the oxygen-supply housing can be 


wherein the burner 



sing 

disconnected from the burner block 
during rehabilitation of tne burner 
assembly. 

83 . The bume/ of claim 82, 


is formed to 


el extending 
of the flame 


include an annular ch 
around the inlet ope 
chamber. 

84. The burner of claim 83. 
wherein the frame dovers the annular 


channel to define 
conducting p 


annular oxygen- 
gewav therein 


forming a portion of the oxygen 
conductor conduit and communicates 
oxygen discharged from the chamber 
through the seccpd-stage apertures to 
the annular / oxygen-conducting 
passageway foy delivery to the outlet 
opening ofthe flame chamber through 
the oxygenccmductor conduit. 

8 A jTABurner assembly for 
combining oxygen And fuel to produce 
a flame. Abe/ burner assembly 


comprising / 

a burner 


block formed to 


include a /flame chamber having an 
inlet operyng and an outlet opening, 

oxygen conductor conduit 
configured to conduct oxygen outside 
of the flame chamber to the outlet 
opening of the flame chamber. 

f an oxygen-supply housing 
defining- an oxygen chamber 
configured to receive a supply of 
oxygen and a base wall positioned to 
lie adjacent to the burner block, the 
base wall being formed to include a 
firft-stage aperture in alignment with 
the inlet opening to pass oxygen from 
tne oxygen chamber into the flame 
lamber and a second-stage aperture 
iged to lie in spaced-apart relation 
tfofi *K of - cfQ fy* ^aperture to pass i 


# 


oxvgea_fcom the oxy g en oham benipfo - 
the oxygen conductor conduit, andf 

a fuel-discharge nr/ yzte 


extending through the oxygen cl 
and the first-stage aperture for 
the base wall to discharge fuel j 
flame chamber. 

86. The burner a&embly of 


claim 85, wherein the o: 
housing includes a h 



ber 
ed in 
to the 


feen-supplv 
)llow shell 


appended to the base walfto define the 
oxygen chamber therebetween. 

87. The burner assembly of 
claim 85. wherein ther burner block is 
formed to include at least one oxygen 
inlet lying adjacent to/the base wall and 
communicating witn the second-stage 
aperture and the oxygen conductor 
conduit is coupled ftp the oxygen inlet 
and arranged to / pass through the 
burner block to conduct oxygen from 
the oxygen chamber through the 
burner block toAhe outlet opening of 
the flame chamK 


88. 


ie burner assembly of 


claim 87^wherein the oxygen-supply 


housing!/ fiat 


.includes a frame 


located ! 


ie base wall and the 


burner blc 


^coupled to the burner 


block and jKfostener connecting the 
base wall to the frame and the oxygen 
conductor conduit includes at least one 
oxygen-conducting channel formed in 
the frame and connected to the 
second-sltage aperture. 

The burner assembly of 
claim wherein the base wall is 
formed/ to include a plurality of 
secondAstage apertures and the burner 
block /is formed to include an inlet 
opening communicating with each 
second-stage aperture through one of 
the oxygen-conducting channels. 

90. The burner assembly of 
claim 87, wherein the base wall is 
formed to include a plurality of 
second-stage apertures and the burner 
bl ock is formed to include an inlet 


HiutiuiUcaiiitf^--gqth each 


# 


— s ec on d -s tage apert ure through oner 
the oxvgen-conducting channels. 

9 1 . The burner assemblv/of 
claim 90. further comprising a 
su pporting the burner block, the /base 
wall being mounted on the frame, and 
the oxygen conductor conduit 
including oxygen-conducting channels 
formed in the frame to interconnect the 
second-stage apertures fontfed in the 
base wall and the oxygen inlets formed 
in the burner block. 

92 . The burne/ assembly of 
claim 85. wherein the oxygen chamber 


formed in the oxygen- 
contains only the> 


su pply housing 
fuel -discharge 


nozzle. 

93 . The burner assembly of 
claim 85. wherein only the fuel- 
discharge nozzle masses through the 
first-stage apertu/e formed in the base 
wall. 

94. The burner assembly of 
claim 857^\YWrein the base wall is 

lelBrst-stage aperture is 
center portion of the 


rectangular^ 
formed irr 


rectangular 


se wall, and the 


second-stag^ aperture is formed in 
each of fopr corner portions of the 
base wall and coupled to the oxygen 
conductor conduit. 

93?. The burner assembly of 
claim 85. further comprising a 
removable collar engaging the fuel- 
discharge nozzle and threadedlv 
engaging the oxygen-supply housing. 

96. The burner assembly of 
claim/ 95. wherein the oxygen-supp ly 
housing includes an annular lip 
defining a cylindrical nozzle aperture 
receiving the fuel-discharge nozzle and 
the/ removable collar includes an 

lular side wall surrounding and 
gaging the annular lip. 

97. The burner assembly of 
laim 85. wherein first-stage aperture 


is formed in the base wall, the 


i econd-stage aperture is formed in the 


fias^rcaTT and arranged to Ue~~iir 


aperture, the oxygen conducts 
conduit includes at least erne 
oxygen-conducting passageway 
formed in the burner block/ and 
arranged to receive oxygen conducted 
through a corresponding second-stage 


aperture, and the internal diameter of 


each second-stage aperture formed in 
the base wall is less than the internal 
diameter of a corresponding 
oxvgen-conducting passageway 
formed in the burner block to regulate 
flow of oxygen through the 
oxygen-conducting / passageways 
formed in the burner block. 

98. A burnfer assembly for 
combining oxygen ana fuel to produce 
a flame, the tjiirner assembly 
comprising 

a burner /block formed to 
include a flame chamber having an 
inlet opening-and/an outlet opening. 

oxvajfeiv-spnductor conduit 
configured to cAnduot oxygen outside 


of the flame fchamjfer to the outlet 
opening of tmkflapre chamber, 

a AueMischarge nozzle 


positioned i 

Jo lie in the inlet opening 

and configii 

red to discharge fuel into 

the flame cn 

amber of the burner block. 

an 

oxvgen-supplv housing 

defining/ 

an oxygen chamber 

configured 

to receive a suddIv of 

oxygen and a base wall positioned to 

lie adiacent to the burner block, the 


base /wall being formed to include a 
first/stage aperture positioned to pass 
oxygen from the oxygen chamber into 
the/flame chamber and a second-stage 
a perture positioned to pass oxygen 
frpm the oxygen chamber into the 
ygen conductor conduit, the second- 
;e aperture defining a second-stage 
jxygen port having a first effective 

tross-sectional area and 

Communicating oxygen from the 
-hamher to the, outlet opening of the. 


# 


5iJ 


.flame-ehambe*- tluuugli the oxvgerp 
conducting passageway, and / 
a flange positioned to me 
between the base wall and the burner 
block and to extend about themiel- 
discharg ft noyyl e to fix the/ fuel- 
discharg e nn7.7.fe in the inlet opening, 
the flange being formed to include a 
third-stage aperture for conducing 

the first- 
chamber, 
defining a 
having a 


oxygen discharged throuj 
stage aperture into the fls 
the third-stage aperture 
first-stage oxygen pot 


second effective cross/sectional area 
that is greater than the first effective 

cross-sectional / area and 

communicating oxygen from the 
oxygen chamber / into the flame 
chamber. 

99. 

claim 98. whercfin the base wall is 


! burner assembly of 


formed to include a plurality of 


second-sta 


apertures 


that 


collectively dgfiae the second-stage 


oxygen 


lOS^J Thfe burner assembly of 
claim 99. wlWn the flange is ring- 
shaped ana formed to include a 
plurality oy apertures lying around the 
fuel-discharge nozzle and defining the 
first-stager oxygen port and each of the 
apertures formed in the base wall lies 
in radially spaced-apart relation to the 
fuel-diycharge nozzle. 

101. A burner assembly for 
combining oxygen and fuel to produce 
a flpe. the burner assembly 
comprising 

a burner block formed to 
include a flame chamber having an 
/opening and an outlet opening. 

a fuel-discharge nozzle 
faioned to lie in the inlet opening 
configured to discharge fuel into 
flame chamber formed in the 
bi/rner block. 

a flange positioned to lie 
round the fuel-discharge nozzle to 
ate — tho fuel -d is charge nozzle - 
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opening of the flame chamber so thar i 
primary combustion zone is established 
in the flame chamber between ther inlet 
and outlet openings and the flange is 
formed to include at least one oxygen- 
flow aperture therethrough. / 

an oxvgen-suppiv / housing 
including an oxygen / chamber 
configured to receive a /supply of 
oxveen and a base wall ad/acent to the 
burner block, the baser wall being 
formed to include a first-stage aperture 
sized to supply oxygen to the flame 
chamber through the jdlet opening so 
that the oxygen supplied bv the first- 
stage aperture mixes with the fuel 


discharged bv 


ncvrA* in a first-Stai 

flame chamber 


combustible 


ignited in the pri 
to define a flame 
in the flame/£h 
outside thelfla 
a pataj 
between the 



fuel-discharge 


region inside the 
to produce a 


re that can be 


combustion zone 
aving a root portion 
;r and a tip portion 
hamber, 

positioned to lie 
scharge nozzle and 


the flange and formed to include at 
least one / oxygen-flow aperture 
therethrough the partition being 
configured/ to meter the flow rate of 
oxygen from the oxygen chamber into 
the flame/ chamber through the inlet 
opening, the partition being appended 
to the fuj&l-discharge nozzle- 
oxygen conductor conduit 
configuijbd to conduct oxygen from the 
oxygen/ chamber into a downstream 
seconq-stage region containing a 
portion of the flame and lying outside 
llame chamber to supplement 
oxvakn supplied to the first-stage 
region inside the flame chamber bv the 
Estage aperture, and 

at least one aperture formed in 
base wall and arranged to 


the 


interconnect the oxygen chamber and 


oxygen conductor conduit in fluid 



*y**rhi™> being ci aed to mctor - th e flo* 
rate of oxygen from the oxvge 
chamber into the oxygen conductor 
conduit so that the flow rate of oxygen 
passing the downstream second-stage 
re gion outside the flame chamber 
through the oxygen conductor conduit 
is fixed in proportion to the flow rate 
of oxygen passing through the 
partition. 

102. The burner assembly of 
claim 101', wherein the flange is ring- 
shaped. 

1 03 . The burnet/ assembly of 
claim 102. wherein the flange includes 
a support fixture coupljfed to the base 
wall. ' 

104. The burner assembly of 
claim 103, wherein the support fixture 
includes a mounting flange fixed 


between the base 
block and a 


1 and the burner 
ortion formed to 


include a cent! 


and the ring- 


shaped flange! 


sd to lie in the 


central aperturevafad iy coupled to the 


nose portion Xi 


i frport the fuel- 


discharge nozzle 


> inlet opening of 


the flame chatriber. 

105. / The burner assembly of 
claim 10 L wherein the flange includes 
a support fixture having a mounting 
flange fixedfcetween the base wall and 
the burner/ block and a nose portion, 
the nose /portion being formed to 
include a central opening receiving the 
fuel-discnarge nozzle. 

[06. The burner assembly of 
claim 06. wherein the partition is a 
ring-snaped flange surrounding the 
fuel-discharge nozzle. 

107. The burner assembly of 
clainA 105. wherein the partition is 

ioned to lie in the central aperture 
of the nose portion. 

108. The burner assembly of 
clafim 101. wherein the fuel-discharge 
nhfzzle i ncludes a fuel-discharge head 

ftd a mounting fixture, the partition is 
yHffil tft th? frd-discharpe head.J 


^anH thp flange support" vntitm 

fixture to position the fuel-discharg e 
head in the inlet opening and supports 
the partition in a location between the 
oxvgen-supplv housing and the^ inlet 
opening. 7 

1 09. The burner assefrnblv of 
claim 108. wherein the oxvgen-supp lv 
housing includes a hollow sh&l formed 
to include an aperture receiving the 
mounting fixture of the fufel-discharge 
nozzle and the flange includes a collar 
engaging the hollow shefl to retain the 
mounting fixture in the^ aperture. 

110. A burner assembly for 
combining oxygen ana fuel to produce 
a flame, the burner assembly 
comprising / 

a burner /block formed to 
include a flamfr /shamber having an 
inlet opening arafartNOutlet opening. 

an oxWen conductor conduit 
configured to crondtfct oxygen outside 
of the flame /cHamber to the outlet 
opening of thfe flame chamber. 

an roxvgen-supplv housing 
including af hollow shell defining an 
oxygen chamber configured to receive 
a supply j>f oxygen, the hollow shell 
being focrned to include an aperture 
therein, f 

k frame configured to couple 
the oyygen-supplv housing to the 
burner block. 

/ a fuel nozzle module having a 
nozae body and a discharge tip, the 
fuel/nozzle module extending through 
ther aperture formed in the hollow shell 
tor aim the discharge tip of the fuel 
nozzle module into the inlet opening of 


* 


The QTygftTw^tTvhioling ohannelfi formed in 

frame 14 and the oxy gerwvwdi irting 

pfLgsflgftways 40, 41 , 47. and 41 formed in the 
htimer hlnrJf 19 fyyipftrate tn define an nxygen 

conrtiirtnr conduit configured fn conduct 
oxygen from the second apertures 68 formed 

in the hase wall SO to the second-stage 

combustion zone 114. 
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